Abstract-A method for uncertainty evaluation of vicarious calibration for solar reflection channels (visible to near infrared) of spaceborne radiometers is proposed. Reflectance based at sensor radiance estimation method for solar reflection channels of radiometers onboard remote sensing satellites is also proposed. One of examples for vicarious calibration of LISA: Line Imager Space Application onboard LISAT: LAPAN-IPB Satellite is described. Through the preliminary analysis, it is found that the proposed uncertainty evaluation method is appropriate. Also, it is found that percent difference between DN: Digital Number derived radiance and estimated TOA: Top of the Atmosphere radiance (at sensor radiance) ranges from 3.5 to 9.6 %. It is also found that the percent difference at shorter wavelength (Blue) is greater than that of longer wavelength (Near Infrared: NIR). In comparison to those facts to those of Terra/ASTER/VNIR, it is natural and reasonable.
I. INTRODUCTION
In order to calibrate optical mission instruments onboard remote sensing satellites in flight, vicarious calibration is strongly needed. One of the problems of vicarious calibration of optical instruments onboard remote sensing satellites is poor accuracy in comparison to the ground based calibration accuracy because estimation of atmospheric influences is not so easy.
Error budget analysis of vicarious calibration including uncertainty evaluation is reported. It, however, is still difficult to justify the uncertainty evaluation. Error budget analysis of reflectance based vicarious calibration method for satellite based visible to near infrared radiometers is discussed [1] . On the other hand, atmospheric correction and vicarious calibration of ADEOS 1 (Advanced Earth Observing Satellite) /AVNIR (Advanced Visible and Near Infrared Radiometer) and OCTS (Ocean Color and Temperature Scanner) is investigated [2] . Meanwhile, reflectance based vicarious calibration accuracy improvement by means of onsite measuring instruments calibration for satellite based visible to near infrared radiometers is proposed [3] .
1 http://www.jaxa.jp/projects/sat/adeos/index_j.html
In this paper, one of the approaches for uncertainty evaluation is attempted. Major error would occur on surface reflectance measurements. Therefore, it is reasonable that uncertainty can be evaluated through surface measurement accuracy assessments. The proposed method is validated with Indonesian remote sensing mission instruments data of LISA: Line Imager Space Application is one main payload of the LISAT, LAPAN 2 (Indonesian National Institute of Aeronautics and Space) -IPB 3 (Bogor Agricultural University) Satellite 4 . This imager consists of four channels, blue, green, red, and NIR: Near Infrared. LISA is standard camera which can produce image with Digital Number (DN) representation. Radiometric model is formulated for prediction of radiance input value from the DN. With a limited mechanical and electronic of lens and CCD: Charge Coupled Device, focus can be adjusted through trials of image acquisition.
The accuracy of the pre-launch calibration is estimated to approximately 8 percent [4] . The items of radiometric characterization of the sensor are (1) linearity, (2) DSNU (Dark Signal Uniformity) and (3) PRNU (Photo Response Non-Uniformity) [5] . LISA has own mechanical, electronic models. Therefore, it is possible to remove radiometric and geometric errors from the acquired imagery data with telemetry data [6] .
The related research works and research background are described in the following section. Then, the proposed uncertainty evaluation method is described followed by some experiments for validation of the proposed method. Finally, conclusion is described with some discussions, II. RELATED RESEARCH WORKS OF VICARIOUS CALIBRATION Previously, results of the EOS 5 (Earth Observation Satellite System) vicarious calibration joint campaign at Lunar Lake Playa, Nevada (USA) which was conducted in 1996 is reported [7] while preliminary vicarious calibration for EOS-www.ijacsa.thesai.org AM1 (The first afternoon orbit satellite of EOS) /ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) with field campaign is also well reported [8] . Atmospheric correction and vicarious calibration of ADEOS/AVNIR and OCTS is proposed and validated [9] together with atmospheric correction and residual error in vicarious calibration of AVNIR and OCTS both onboard ADEOS [10] . Meanwhile, experimental study on vicarious calibration for ADEOS/AVNIR and OCTS (in particular for visible channels) is reported [11] and field experiments at Tsukuba test site which is situated in Japan for ASTER vicarious calibration (visible to shortwave infrared regions) is also reported [12] together with field experiments at Tsukuba test site for ASTER vicarious calibration (thermal infrared regions) [13] .
Early results from vicarious calibration of ASTER/VNIR and SWIR at test site in Japan is well reported together with early results from vicarious calibration of ASTER/TIR at the test site in Japan [14] . Meantime, reflectance based vicarious calibration for solar reflection channels of radiometers onboard satellites with deserted area of data is proposed [15] together with vicarious calibration of ASTER/VNIR based on the results of aerosol optical property by sky-radiometer (aureole-meter 6 ) at the test site in Saga, Japan [16] .
Vicarious calibration of ASTER based on the reflectance based approach is reported [17] . Meanwhile, error analysis and sensitivity analysis in estimation of aerosol refractive index and size distribution using polarization radiance measurement data for vicarious calibration of remote sensing satellite carrying visible to shortwave infrared radiometer is conducted and reported [18] .
Influence due to aerosol size distribution on vicarious calibration accuracy and influence of calibration accuracy of the used sky radiometer in estimation of aerosol refractive index and size distribution is investigated [19] . On the other hand, vicarious calibration based cross calibration (through a comparison between the different sensor images, calibration is conducted mutually) of solar reflective channels of radiometers onboard remote sensing satellite and evaluation of cross calibration accuracy through band-to-band data comparisons is proposed and reported [20] . Then, a comparison among cross, onboard, and vicarious calibration for Terra 7 /ASTER/VNIR is made [21] .
Sensitivity analysis and error analysis of reflectance based vicarious calibration with estimated aerosol refractive index and size distribution derived from measured solar direct and diffuse irradiance as well as measured surface reflectance is conducted [22] . Also, vicarious calibration data screening method based on variance of surface reflectance and atmospheric optical depth together with cross calibration is proposed and discussed [23] . Furthermore, vicarious calibration data screening method based on variance of surface reflectance and atmospheric optical depth together with cross calibration is proposed and discussed [24] .
In this paper, the proposed method for vicarious calibration of solar reflection channels of mission instruments onboard satellites which includes estimation of at sensor radiance) is described in particular for "uncertainty evaluation" followed by the first attempt of the proposed uncertainty evaluation through vicarious calibration of LISA.
III. PROPOSED UNCERTAINTY EVALUATION METHOD FOR
VICARIOUS CALIBRATION OF OPTICAL SENSORS The vicarious calibration method is illustrated in Fig. 1 .
Surface reflectance can be measured through a comparison between radiance from standard plaque (Spectralon 8 which is traceable to NIST 9 (National Institute of Standards and Technology) standard) and the surface in concern. There is Bidirectional Reflectance Distribution Function: BRDF 10 of standard plaque and the surface. Major error sources are (1) BRDF effects, (2) Instability of the hand held spectrometer for surface reflectance measurement, (3) Registration error between the pixels of the test site and measured surface, (4) Instability of sensitivity of the spectrometer, etc. On the other hand, solar irradiance is quite stable (solar constant). Therefore, incoming radiance is assumed to be stable when the sky is clear. Total optical depth 11 can be measured with fine accuracy together with column water vapor, ozone. Meanwhile, Rayleigh scattering component 12 can be calculated with atmospheric pressure and air temperature (compensation). From the total optical depth, it is possible to calculate aerosol optical depth with the calculated optical depth of Rayleigh component, optical depth of water vapor, ozone. Using MODTRAN 13 of atmospheric model (Software code), influence due to the atmosphere can be calculated precisely.
Proposed uncertainty evaluation method is based on surface reflectance measurement data. It is reasonable that uncertainty is supposed to be caused by a homogeneity of the surface. Therefore, standard deviation of surface reflectance over double size areas of Instantaneous Field Of View: IFOV at the surface of the test site is considered to be uncertainty. 
A. Method for Reflectance based Vicarious Calibration
The proposed vicarious calibration of solar reflection channels of mission instruments onboard satellites is based on reflectance based method. The major influencing factor on the estimation of at sensor radiance (TOA: Top of the Atmosphere radiance) is surface reflectance measurements followed by absorption and scattering in the atmosphere. In order to improve surface reflectance measuring accuracy, wide areas of surface reflectance has to be measured. Then, mean and variance are checked for increasing reliability of the measurement data. Atmospheric absorption and scattering components are taken into account in the MODTRAN together with solar irradiance at the top of the atmosphere (extraterrestrial solar irradiance, solar constant that is Kurucz Model 14 ).
From field experiments, surface reflectance is measured together with atmospheric conditions such as atmospheric optical depth, atmospheric pressure (atmospheric optical depth due to atmospheric molecule can be estimated with atmospheric pressure and air temperature), air temperature, relative humidity, water vapor in the atmosphere, to column ozone. From these measured data, the TOA radiance (it is totally equal to at sensor radiance is estimated by using atmospheric code of MODTRAN 15 . Then, the estimated TOA radiance is compared to the observed sensor radiance. The difference between both the radiances is calibration coefficient.
In order to minimize measuring error for surface reflectance, 10 by 10 pixels of homogenous area of test site is used together with standard plaque of Spectralon which is traceable to NIST standard. This is the key issue here for the proposed method together with the optical depth measuring instruments of MicroTops-II 16 of ozone meter and atmospheric transparency measurements. LISA has four bands whose wavelength ranges from 410 to 900 nm, blue, green, red, and Near Infrared: NIR. IFOV of LISA is 18 m. Furthermore, swath width of LISA is 122.4 km. Also, LISA imagery data is acquired with 16 bit of quantization levels. Spectral response of each band is shown in Fig. 3 . 390 | P a g e www.ijacsa.thesai.org
B. Major Specification of LISA

C. Field Campaign
Field experiments are conducted at the test site of Kupang on 11 and 12 April 2018. The location of Kupang test site is shown in Fig. 4 . As shown in Fig. 4 , it was partially cloudy condition for both 11 and 12 April. At the test site, blue tarp (15m by 15m) is set-up. As shown in Fig. 5, 15m by 15m of blue tarp is set-up at the test site for identification of the test site location in the acquired LISA image. In the test site, surface reflectance at 30 m by 30m of test site area is measured by 5 m intervals.
D. Measured Data
The surface reflectance is measured with the well-known FieldSpec Hand Held 2 19 . Specification manufactured by ASD Incorporation. The FieldSpec Hand Held 2 delivers precision full range spectral measurements through a hand-held system designed around a radically streamlined cable-free workflow. Outlook of FieldSpec Hand Held 2 Specification manufactured by ASD Incorporation is shown in Fig. 6 . Also, major specification of the FieldSpec Hand Held 2 Specification manufactured by ASD Incorporation is shown in Table 2 .
An example of the measured surface reflectance of the test site of Kupang is shown in Fig. 7 . As a working standard plaque, back side of photoprint paper which is traceable to Spectralon manufactured by Labsphere Co. Ltd. is used.
LISA image of Kupang of the test site which is acquired on April 12 2018 is shown in Fig. 8(a) while the enlarged Kupang test site LISA image is shown in Fig. 8(b) . 391 | P a g e www.ijacsa.thesai.org The locations of the 10 pixels of the surrounding pixels of the test site of Kupang in the LISA image are shown in Fig. 9 . From the LISA imagery data, Digital Number: DN of the pixels of the surrounding the test site point of Kupang is shown in Table 3 .
E. Uncertainty
Uncertainty of the vicarious calibration of this case is evaluated with the measured data in the Kupang test site described in the previous sub-section. Taking the ratio of standard deviation and the average in the Table 3 , the uncertainty, U can be evaluated. The result is shown in Table 4 . In the table, averaged uncertainty over the all bands is also shown. It is found that the averaged uncertainty of the vicarious calibration in Kunag test site is 0.048. Fig. 10 shows outlook of the MIcrotops II. Microtops II measures solar direct irradiance at the following five wavelength, 340, 500, 675, 870, 1020 nm. 392 | P a g e www.ijacsa.thesai.org Meanwhile, measured Langley plot 20 and total atmospheric optical depth on April 12 2018 is shown in Fig. 11(a) and (b) , respectively.
From the measured total optical depth, optical depth of Rayleigh scattering (atmospheric molecule), ozone, water vapor, and aerosol (Mie scattering 21 ) are calculated. There are absorption due to water vapor, ozone and scattering of Rayleigh (atmospheric molecule) and Mie (aerosol). As shown before, total column ozone is retrieved from the aforementioned Web site. On the other hand, water vapor profile can be retrieved from the MODTRAN with the Typical tropic atmospheric model (relative humidity on the ground is adjusted with the measured humidity on April 12 2018).
Meanwhile, Rayleigh scattering component is derived from the measured atmospheric pressure. Optical depth of aerosol can be calculated with equation (1).
ODaero=ODtotal-ODrayleigh-ODwater-ODozone (1)
G. Vicarious Calibration Coefficients
Continuous atmospheric optical depth of total, Rayleigh, water vapor, ozone and aerosol are then calculated with MODTRAN through curve fitting between observed and calculated optical depth with MODTRAN in a least square mean. Also, TOA radiance (at sensor radiance) is calculated based on MODTRAN with input parameters of the measured 20 https://en.wikipedia.org/wiki/Langley_extrapolation 21 https://en.wikipedia.org/wiki/Mie_scattering surface reflectance, geometric relation among the satellite position, test site location, and sun elevation and azimuth angle (direction of direct solar irradiance) as well as atmospheric parameters including optical depth. Therefore, TOA radiance can be calculated with the integration of TOA radiance multiplied by the LISA spectral response. Then, at sensor radiance is compared to the LISA imagery data derived radiance. Thus, vicarious calibration coefficient can be calculated.
Surface reflectance, atmospheric optical depth, and the other required parameters are input to MODTRAN for calculation of Top of the Atmosphere: TOA radiance for each band of LISA. The calculated DN derived radiance and the TOA radiance are shown in Table 5 together with percent difference between both. As the results of the vicarious calibration, it is found that vicarious calibration coefficients are calculated as shown in Table 5 . Table 5 shows the percent difference between DN derived radiance and estimated TOA radiance (at sensor radiance) ranges from 3.5 to 9.6 %. Reflectance based at sensor radiance estimation method for solar reflection channels of radiometers onboard remote sensing satellites is proposed. Also, one of examples for vicarious calibration of LISA: Line Imager Space Application onboard LISAT: LAPAN-IPB Satellite is described.
Through the preliminary analysis, it is found that the percent difference between DN: Digital Number derived radiance and estimated TOA: Top of the Atmosphere radiance (at sensor radiance) ranges from 3.5 to 9.6 %. It is also found that the percent difference at shorter wavelength (Blue) is greater than that of longer wavelength (Near Infrared: NIR). In comparison to those facts to those of Terra/ASTER/VNIR, it is natural and reasonable.
Further investigations are required for vicarious calibration and image quality evaluations together with validation of the proposed method for uncertainty evaluation. Also, cross www.ijacsa.thesai.org calibration between LISAT/LISA and the other same spectral range of remote sensing imagers onboard satellites.
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